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The time con.er kinea!~. specificity and sodium-dependence of L-leucine and L-phenylalanine uptake by rabbit isofated oxyntic
glands were studied in mder to identify the systems involved in the transport of branched-chain and aromatic neutral amino
acids through the basoiateral vell membrane. The uptake was measured dircetly in the disrupted cells after incubation of the
glands with the *H-labelled amin acid both in a sodium- and a sodium-free medium. Thc uptake of L-leucine was
largely carri diated whilst L-phenylalanine was taken up by cither carricr-mediated and 1 Both amino
acids were taken up by a Na*-independent process. The kinctic parameters of t-leucine and L-phenylalanine carricr-mediated
influx were, respectively: K, = 2.71 mM and J,,,, = 1390 nmol mg™! s~', K, = 1.03 mM and J,, = 176 nmol mg~' s~ . From
cross-inhibition studies it can be inferred that L-leucine is primarily transported by a Na*-independent system which shows
specificity for bulky side chains dipolar amino acids. The system displays similar affinitics for L-phenylalanine (K; = 2.81 mM)
and v-isoleucine (K; = 2.62 mM). Similar results were obtained from self-inhibition experiments: the K; of the carrier-mediated

uptake of L-leucine and L] phcnylalanmc were 2.12 and 2,40 mM (from a Hancs plot) or 3.2 and 0.8 mM (from a Dixon plot),

Itis Tuded that a s d de

transport system, like Christensen’s ‘L’ type, is shared by branched-chain

and aromatic dipolar amino acids, which only shows slight differences in their affinities for the carrier.

Introduction

Amino acid transport across the basal lateral mem-
brane of polar epithelial cells, such as those of the
small intestine [1-4] and accessory digestive organs
[5-8], is mediated by carrier systems which are com-
monly operative in mammalian non-epithelial cells [9-
11). These include Na*-d dent and Na*-
independent transport systems for neutral amino acids,
from which the Christensen’s A, ASC and L systems
are the more ubiquitous, Mircheff et al. [2] showed that
A-, ASC- and L-like amino acids pathways exist in
jejunal basal lateral membrane, in which the system L
appears to provide thc major route for exit of amino
acids from the cells into the blood. From the amino
acid transport systems which are common to non-epi-
thelial ceils [9,10], only sodium-independent systems
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are present in the brush-border membrane of the in-
testinal epithelium [4].

Limited information is available about the pathways
mediating amino acid transport through the gastric
epithelia. Recent reports [12-14] show that amino acids .
arc transported from the lumen into the cells of the
mammalian stomach and suggest that the process is
carrier-mediated. A considerable fraction of the amino
acid taken up by gastric epithelial cells can be ab-
sorbed [12,14], suggesting that, in addition of its known
oxyntic and peptic secretory functions, the gastric ep-
ithelium may play a role in the absorption of nutrients.
On the other hand, it has been shown that intrarteri-
ally injected L-amino acids are transported across the
blood-tissue interface of the stomach at rates which are
greater for acidic than for neutral and basic amino
acids [15], Other results suggest that some of the classi-
cal transport systems available to amino acids in non-
epithelial cells [9-11], such as the L system, are also

ive at the blood-ti interface of the canine
gasmc wall [16]. In a recent report [17] a Na*-depen-
dent amino acid transport system, similar to the Chris-
tensen’s A transporter was characterized in the basal
lateral surface of isolated oxyntic glands.
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In a variety of cell types, transport of branched
chain and aromatic amino acids is mediated by system
L [18] which shows high exchange properties [19], being
specially relevant for the absorption of amino acids
across the intestinal epithelium [4]. A similar role
should be valid for the L system at the basolateral side
of the gastric epithelium, since absorption of leucine
and phenylalanine appears to occur in this barrier
[12-14). The participation of L-system in the transport
of blood-borne substrates for the nutrition of the gas-
tric cpithelial cells may also be important, because
branched-chain amino acids which are taken up by the
stomach ‘in vitro’ secem to be transformed to the corre-
sponding 2-oxoacid [20,21], and leucine is oxidized by
the gastric mucosa ‘in vitro’ [21].

The aim of the present study was to investigate if
system L is present at the blood side of the gastric
epithelium. Studies on kinetics, sodium-dependence
and cross-inhibition of vL-leucine and L-phenylalanine
uptake indicate that a L-like transport system is in fact
operative at the basolateral surface of isolated oxyntic
glands. Preliminary results of this work have been
published previously [22,23].

Materials and Methods

Isolation of the oxyntic glands
Rabbits (1.2-2.0 kg) were used for the experiments.
By following the method described by Berglindh and
Obrink [24), the gastric glands were isolated from the
corpus of the non-stimulated stomach in the anes-
thetized (30 mg/kg Nembutal) animals. After perform-
ing subdiaphragmatic ligatures of the aorta and mesen-
teric vessels, the stomach was perfused with a saline
solution (154 mM NaCl, 10 mM KCl) under high
pressure through an aortic cannula introduced in a
retrograde direction. When the stomach appeared to-
tally clear of blood it was rapidly removed, the lesser
curvature cut open and rinsed in saline solution. The
mucosa (7-8 g) of the corpus was striped off, minced
into small pieces and transferred to a 200 ml flask
25 ml of coll i This solution
1 of 1 mg coll Type 1V (from Clostrid-
ium histolyticum, Sigma Chem. Co) dissolved in 1 mi
incubation medium (IM), with the following composi-
tion (mM): NaCl, 132 + 4; KCl, 10; CaCl,, 1; MgCl,,
0.8: Na,HPO,, 5; NaH,POQ,, 1.2; pyruvic acid, 1; glu-
cose, 11.1 and bovine serum albumin, 1 mg/ml (pH
7.4). The flask was aerated with 100% oxygen, sealed
and incubated at 37°C and continuously stirred for 40
min. The glandular suspension was filtered through a
nylon cloth (pore size 230 pm) into 15-ml test tubes
with conical bottoms. The gastric glands were sepa-
rated from i d cells by sedi ion and re-
peated washing. The yield of oxyntic glands amounted
to approx. 7 mg wet weight corresponding to a dry

weight of 1 mg.

The viability of the isolated oxyntic glands was de-
termined by the trypan blue dye technique as described
elsewhere [17]. About 95% of the glands excluded the
dye. In each of the tinged gland, only one to two cells
were unable to exclude the Trypan blue. The integrity
of the gastric glands and oxyntic cells was determined
by using both light and electron microscopy [17). The
dependence of amino acid transport upon extracellular
sodium was studied by measuring the uptake of tri-
tium-labelled amino acids ([*Hlaa) by the isolated
glands incubated with the IM in which sodium was
iso-osmotically replaced with choline (as choline chlo-
ride). Inhibition experiments were performed by meas-
uring the uptake of a [*HJaa in the presence and
absence of unlabelled amino acids at concentrations
which ranged from 1 to 100 mM.

Mea:urement of amino acid uptake

A reaction mixture, previously aerated with 100%
oxygen, was incubated at 37°C in 1.5 ml Eppendorf
tubes with constant and gemlc swirling. In each tube
the reaction mi d: the isolated glands
(equivalent to 1 mg dry weight) suspended in 1 ml of
incubation medium and 1-[*H}leucine (at a final con-
centration of 40.8 uM) or 1-{*Hlphenylalanine (at a
final concentration of 33.3 uM). At indicated time
mtervals s to 600 s for leucine, and 15 to 180 s for

lalanine) the mi were d and imme-
diately centrifuged at 11630 X g (Microfuge, Heraus)
during 15 s. The pellets obtained were prepared for
counting as was described previously [17). The cellular
uptake (U%) of the labelled amino acid was calculated
as [cpm[*H] m1” (sample)/ cpm[*H] ml"' (standard)] X
100, where the standard solution contained 40.8 nmol
L-{*Hlleucine or 33.3 nmol L-{*H]phenylalanine per mi
IM. From the U values and the specific activity of the
[*H]aa (50 and 60 Ci/mmol for leucine and phenyl-
alanine, respectively) the cellular uptake was expressed
as nmol mg~'. When unlabelled amino acids were
added to the test tube, the total influx of leucine or
phenylalaiine (nmol mg=' s~') was calculated as
(U%/100) -[aa), in which [aa] corresponds to total
amino acid concentration in nmol mg ™! and the influx
time was 1 s.

In order to investigate the possibility that a consid-
erable fraction of a [*H]aa could be distributed in an
extracellular compartment, oxyntic glands were incu-
bated with ["*Clsucrose for 30 to 600 s and processed
for counting. Only 2% of the extracellular marker was
detected in the glands. In the kinetic studies of leucine
and phenylalanine uptake and when other amino acids
were used as control of
[*Hlaa uptake were performed in the presence of su-
crose at concentrations equivalent to those of unla-
belled amino acids. Sucrose showed no appreciable
effect on amino acid uptake as in previous experiments




[17). The kinetic parameters were determined by using
Enzfitter program (Elsevier Biosoft). Statistical signifi-
cance was assessed using a Student’s ¢-test.

Chemicals

The radioactive molecules vr{*H]leucine (50
Ci/mmol), v{*Hlphenylalanine (60 Ci/mmol) and
{**Clsucrose (645.4 Ci/mmol) and the liquid scintilla-
tion fluors were purchased from New England Nuclear
(USA). All other chemicals used were obtained from
Merck (Germany) and Sigma Chemical Co. (USA).

12

Uptake of [*Hlleucine
[nmol-mg™'

259
Results

Uptake time course

Fig. 1A shows the time-dependent uptake of -
[*Hlleucine by the isolated oxyntic glands measured
both in a normal Na*-containing and a Na*-free
medium. Mt is apparent that in the normal medium,
cellular uptake of the amino acid reaches a steady state
from 120 t2> 600 s. A similar time course of uptake was
observed in the Na*-free medium. In both cases,
leucine uptake was roughly linear up to 30 s and this
time was used as the initial velocity of influx [17].
Similar patterns to those displayed in Fig. 1A were
observed when measurements were made in the pres-
ence of unlabelled leucine (1, 5 and 10 mM). In these
experiments the maximal uptake of L-[*Hlleucine de-
creased as the concentration of unlabelled leucine was
increased but in all cases the steady-state was reached
by about 120 s (results not shown).

The time course for i-[*Hlphenylalanine uptake
measured in both a Na*containing and a Na*-free
medium is shown in Fig. 1B. It is apparent that in
either condition the initial velocity of the influx was
roughly maintained up to 30 s and the uptake curves
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Fig. 1. Time course of *H-labelled amino acids uptakes in isolated
oxyntic glands. (A) The glands were incubated with 408 pM 1~
{*H]leucine in both a normal Na*.contai (0———0) and a
Na*-free medium (choline chioride, ®— #). The amino acid
uptake was measured at indicated times, as described in Materials
and Methods. Each point denotes the mean+S.D. of 10 measure-
ments. Values obtained in the abience of Na* are not statistically
different from those abserved in the norial medium (P > 002), (B)
Uptake time curves of 33.3 gM v{*H]phenylatanine in a normat
sodium-containing medium (O — - — O} and a sodium-free medium

hed a plateau about 60 s after incubation.

Kinetics of 1-leucine and L-pheny’alanine influx

The isolated oxyntic glands were incubated during
30 s with 40.8 uM L{*Hlleucine or 333 uM -
[*Hlphenylalanine, both in a normal sodium-containing
and a sodium-free medium. The cellular uptake of the
labelled amino acid was mc asured in the absence (con-
trol condition), and in of different -
tions of the respecti fabelled anal (L-leuci
1 to 100 mM; 1-phenylalanine, 1 to 50 mM). B of
variability in uptake measured in different prepara-
tions, the values (U;) obtained in various
tions of the unlabelled amino acid were normalized
relative to control uptake values (U,) according to the
expression: (U;/U,)- Uy, in which U, is the arith-
metic mean of the overall control uptake values. Re-
sults obtained in normal medium were not statistically
different from thosc measured in Na*free medium
(data are not shown) which indicated a primarily Na*-
independent uptake of both amino acids. Therefore,
the overall uptake values were pooled in a single series
from which the total influx of r-lencine (or r-phenyl-
alanine) was obtained as described in Materials and
Methods. Corrected values for the non saturable com-
ponent allowed to obtain the carrier mediated influx of
the amino acid (see legend Fig. 2). Total influx values
are shown in Fig. 2 (upper curves, panels A and B)
which also iilustrates that the corresponding influx-
ion curves for the carrier-mediated compo-

). Each point is the mean+8.D. of eight
icant difference there are between the values obtained in
both media (P > 0.02).

neni {lower curves, panels A and B) of both leucine

and phenylal uptake followed a far hy-
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perbole. The Lineweaver-Burk plots of the data (in-
sets) suggest simple saturation kinclics with the follow-
ing values (mean +S.D.): K, =271+ 047 mM and
J o = 13.90 £ 0.73 nmol mg™" s~ S for 1-leucine and
K,=1.03+ 008 mM and J,,,, = 1.76 + 0.03 nmol mg "'
s~ for 1-phenylalanine.

Inhibition by neutral amino acids

In order to determine the specificity of carrier sys-
tems involved in leucine transport, the effect of several
neutral L-amino acids on the uptake of i-lcucine was
assayed. Fig. 3 depicts the results obtained when the
uptake of 40.8 pM 1-[*Hlleucine was measured in the
presence of different rations of unlabelled
amino acids (1 to 75 mM) both in normal and Na *-free
medium. In both conditions no considerable effect was

dependent carrier-mediated uptake of leucine (Fig. 4).
The apparent inhibition constants {K;) were deter-
mincd by using the Dixon's graphic analysis for the two
inhibitor amino acids (inset in Fig, 4). The apparent K;
values {mean + S$.D.) obtained were 2.62 + 0.04 mM
and 2.81+0.02 mM for i-isoleucine and 1-phenyl-
alanine, respectively.

A Kkinetic anaiysis of the inhibition of uptake of
labelled amino acid induced by the respective unla-
belled molecule has been already performed [27-29].
In this case, increasing concentration of the non-radio-
active amino acid are regarded as competitively inhibit-
ing the uptake of the radioactive analogue. According
to this approach any non-mediated component to sub-
strate uptake will not interfere in the K; determina-
tions. By following this procedure the K; of the car-

obtained using 1-serine or 1-al whilst 1.

slightly inhibited leucine uptake (16 + 2% and 14 + 3%
at 75 mM in normal and sodium-free medium, respec-
tively). The other two neutral amino acids 1-isoleucine
and 1-phenylalanine, significantly inhibited leucine up-
take. Thesc results suggest that c-leucine uptake is

diated by a Na*-ind d system which prefer
dipolar-amino acids with bulky side chains. Because
leucine uptake measured in the presence of an in-
hibitor (c.g. t-isoleucine or 1-ph inc) ir the
normal medium was not statistically different to that
performed in the sodium-free medium, vilues obtained
in both media were pooled in a single series and
processed as was above described to obtain the Na*-in-

rier- d [PHI uptake for unlabeiled
leucine was estimated (Fig. 5) The K; value obtained
(2.12 + 0.06 mM) was lower but in the same range than
the half-saturation concentration for leucine (K, = 2.71
mM. Fig. 2).

A kinetic of 1-[*H]phenylal uptake
inhibition by unlabelled phenylalanine was performed
according to this procedure and the K; value was
2.4 + 0.07 mM. This value is higher but comparable to
the K, valuc (1.03 mM, Fig. 2) determined for the
influx of phenylalaninic. The nonsaturable component
corrected values for both 1-[*Hllcucine and 1-
{*H]phenylalanine uptake were analyzed with a Dixon
plot (results not shown). The K; values obtained for
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Fig. 3. Effect of neutral 1-amino acids on 1-[*H]leucine uptake, both
in a normal sodil ining (A) and a sodium-free (B) medium.
Values were normalized in refation to the controt uptake, i.c., to that
measured in the absence of potential inhibitors. Each point denotes
the mean +£5.D. of 6-12 measurements. The symbols are: isoleucine
{0). phenylalanine (@), cysteine (). alanine (0) and serine (X ).
Only isoleucine and ph ine signil ly inhibited (P <0.001
at 25 mM) the i-leucine uptake in both media. Measurements
performed in the sodium-free medivm were not statistically different
{P > 0,01 to those performed in the normal medium.

t-leucine and L-pheny ine (as i of the car-
rier-mediated uptake of the respective labelled ana-
logue) were 3.2 and 0.8 mM, respactively.

Discussion

Berglindk and colleagues {24,30] have shown that
the gastric glands isolated from the corpus of the rabbit
stomach are appropriate for studying the function of
gastric epithelial cells in a state closely resembling ‘in
vivo’ conditions. Because isolated oxyntic glands main-
tain the polarity of both cell sides and the basofateral
surface of the glands is more accessible than the lumen
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Fig. 4. Inhibition of 1-leucine uptake by i-isoleucine (O; 1 to 25 mM)
or L-phenylalanine (8; 1 10 15 mM). The uptake of 408 pM 1~
[*H}leucine was measured in the absence {control) and the
of the inhibif both in a sodi ining and a s
medium. The data obtained were pooled in a single series a
processed as described in Fig. 2 in order to calculate the carrier-
mediated uptake of t-leucine, Each value gives the mean+S.D. of
12-24 determinations. The inset shows a Dixon plot of the carrier-
mediated uptake of leucine at indicated concentrations of the in-
hibitors. and the K; values (mean +S.D.) were 2.62£0.04 and 281+
0.02mM for 1.-i ine and 1-p} i ivel

[30], this mode! was selected in our laboratory to study
the characteristics of the pathways involved in the
basolateral transport of amino acids. In a previous
report {17] using viable oxyntic glands we provided
evidence that a transport system which shows Na*-de-
pendence, tolerance of N-methyl group and specificity
by short-chain amino acids, like the Christensen's sys-
tem A [9,10], is present at the basolateral surface of the
gland cells. In the present study, by measuring the
specificity of L-leucine uptake and the kinetic constants

{L-leu)/A

5 0 S5 10 15 20 25

L-Leucine (mM)
Fig. 5. Hanes plot of 1-leucine inhibition of 1-{*Hlleucine uptake.
The uptake of the radioactive substrate was measured in the absence
(U {control)) and the presence (U) of unlabelled leucine (1 to 25
mM) as was previously described in Fig. 2. 4 is the inhibitable
portion of leucine uptake of each concentration of leucine used and
was obtained as U (control) minus U [i-Leu) is the unlabelled
1-leucine concentration (mM). Each point denotes the mean +8.D.
of 8-10 determinations. The affinity of leucine for its carrier was
calculated assuming K; = K, {19} and the value obtained (meant
§.D.) was 2.122:0.06 mM.
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of L-leucine and L-phenylalanine transport through the
basolateral side of the cxyntic glands, we have charac-
terized a sodium-independent transport system which
resembles system L. Since parictal cells zuount to
about 50% of total cell volume of the isolated giand in
the rabbit {24,31], the data obtained in this study would
suggest that amino acid transport occurs mainly through
the basolateral membrance of the parictal cells. That
the isolated oxyntic glands mainiained their morpho-
functional integrity was assessed from the following
experimental findings (see Materials and Methods): (i)
the glandular cells exhibited normal aspect by light and

5 (i) the glandular cells rejected
Trypan bluc whlch is a characteristic of viable cells,
and (iii) the relatively high uptake values of amino
acids; e.g., the J,, of t-leucine influx was 13.9 nmol
mg ™" s™! (see Fig. 2) and that previously measured by
us for L-alanine was 27.7 nmol mg~' 5! (recalculated
from Ref. 17). suggests that the transport capacity of
the basolateral membranc was preserved.

When the uptake of both ritium labelled 1-leucine
and v~phenylalanine was mcasured at different concen-
trations of their ive unlabelled 1 ina
sodium-containing medium, significant inhibition was
observed (Fig. 2). Removal of Na* from the medium
did not affect the autoinhibition of the amino acid
uptake. Instead, the uptake of i-lcucine was inhibited
at similar rates by L-isoleucine or 1-phenylalanine inde-
pendently of the presence or the absence of Na* in the
medium (Fig. 3). Furthermore, short-chain neutral
amino acids had no significant effect on the influx of
L-leucine. These overatl results suggest that a sodium-
independent system which prefers branched-chain and
aromatic dipolar amino acids is involved in the trans-
port of L-leucine through the basolateral side of the
oxyntic glands.

Corrections for nonsaturable components (see Figs.
2 and 4) were made in order to obtain the carrier-
mediated uptake of the amino acids. In addition, any
non-saturable component to substrate uptake was can-
celled when a Hanes transformation of t-leucine (Fig.
3 and L-phenylalanine uptake values were performed.
Therefore all kinetic constants measured in this study

correspond to carri diated transport of the amino
acids.

The Michaelis-M lysis of -l and L-

henylal uptake led that in both cases the

mﬂux was saturable and apparently mediated by a
single entry system. The K, obtained for the Na *-inde-
pendent canier—mcdiatcd uptake of vr-leucine (2.71
mM) in this preparation was considerably higher than
that measured at the basolateral side of renal epithelial
cell lines by Sepélveda and Pearson {32): K, = 0.06 inM
for the Na*-independent transport of v-leucine. How-
ever, the K, value reported in the present paper is of
the same order as the value of 1.58 mM obtained for

1-leucine transport across the luminal side of the rat
blood-brain barrier [33] and of 2.2 mM in sacs of
everted rat small intestine [34). Markadly higher K,
values for i-leucine transport across the blood-tissue
interface of the perfused dog stomach have been also
obtained [16]. The observed K, for the carrier-media-
ted uptake of L-phenylalanine (1.03 mM) is lower than
the reported K, values for the transport of L-phenyl-
alanine in the perfused cat salivary gland [6], K, =6.4
mM, and in the perfused guinca-pig placenta {35},
K,=3.3 mM at the maternal side and 11.9 mM at the
fetal side. However, in these reports no correction for
a non-saturable component of thec amino acid uptake
was made.

When the uptake of sut 1 is mediated
by a single carrier system the relative magnitude of the
transport constant is particularly usciul in predicting
the extent to which analogues will compete with each
other. The sodium-independent transport system which
appears to be responsible tor L-leucine uptake showed
a marked preference for necutral amino acids with
bulky side chains (Fig. 3). The observed K; values for
both t-isoleucine (2.62 mM) and L-phenylalanine (2.81
mM) of the carrier-mediated uptake of L-leucine (Fig.
4) arc not very different to both K, (2.71 mM) and K;
values obtained from self-inhibition experiments of 1-
leucine uptake: 3.2 mM from Dixon plot and 2.12 mM
from Fig. 5. Instcad K; values of ir-phenylalanine
obtained from self-inhibition data: 2.4 mM (by Hanes
plot as was described in the legend to Fig. S) and 0.8
mM (by Dixon plot) arc in the sdmc ordcr to the K,
(1.03 mM) d for vL-phenylal; t.
These overall results suggest that branched cham and
aromatic neutral an.ino acids sharc a Na*-independent
transport system which displays no substantial affinity
difference for these substrates.

We conciude that the basolateral surface of rabbit
oxyntic glands contains an amino acid transport system
with some striking similarities to Christensen's L type
which would operate in parallel with the previously
described system A [17].
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